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New host record and geographical distribution of Nematoda 

parasitizing Hypophthalmus marginatus Valenciennes 

(Siluriformes) from the Tocantins River, Brazil 
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ABSTRACT. Hypophthalmus marginatus is among the most commercialized fish from the Amazon region, 

with fish fillets exported to Southeastern Brazil and other countries. In the present study, the H. marginatus 

analyzed were parasitized by third-stage larvae of Hysterothylacium sp. and Anisakis sp. These nematodes 

are being reported for the first time in H. marginatus collected from the Tocantins River, representing a new 

host and geographical records, and expanding knowledge of the hosts of these nematodes in the Neotropical 

Region. A brief description with original measurements is presented. 
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Introduction 

The Tocantins River is the second largest river in Brazil, located in the Tocantins-Araguaia hydrographic 

region, and is a hotspot for fish biodiversity, in which several species are endemic to the region (Agência 

Nacional de Águas [ANA], 2019). However, despite this diversity, only a small number of fish species have 

been examined for helminths (Eiras, Takemoto, Pavanelli, & Adriano, 2011). 

Hypophthalmus marginatus Valenciennes, commonly known as mapará, is a pelagic fish that is 

commercialized by slaughterhouses from the Amazon region, which export the fish fillets to Southeastern 

Brazil and some countries in Europe and North America, besides being among the 10 most commercialized 

fishes in the Amazon region (Cutrim & Batista, 2005; Costa, Oshiro, & Silva, 2010; Souza & Inhamuns, 2011). 

Despite the economic importance of H. marginatus, it has never been studied for helminths and, according to 

Velasco et al. (2015), the parasite fauna of H. marginatus may include parasite species that have not yet been 

described in the literature. Therefore, the aim of this study is to characterize the nematode fauna of H. 

marginatus from the Tocantins River, State of Maranhão, identifying species with zoonotic potential. 

Material and methods 

Collections for this study were authorized by the Biodiversity Authorization and Information System 

(SISBIO, number 61650-1), and was approved by the Commission of Ethics in the Use of Animals, protocol 

number 031/2019 from Universidade Estadual do Maranhão (UEMA). Between March 2018 and May 2019, 

11 specimens of H. marginatus (standard length 33-38 cm; total weight 250- 511 g) obtained from the 

Tocantins River, State of Maranhão, Brazil, were examined for helminths (Figure 1). Fishes were acquired 

with the aid of local fisherman and taken to the Núcleo de Estudos Morfofisiológicos Avançados  from the 

Universidade Estadual da Região Tocantina do Maranhão, São Luís, Maranhão to be necropsied. Internal 

organs were fixed in 70% alcohol, immediately after the capture and sent to the Laboratório de Helmintos 

Parasitos de Peixes, Fundação Oswaldo Cruz, State of Rio de Janeiro, where helminths were collected with 

the aid of a stereoscopic microscope. Nematodes were cleared with lactophenol and observed using a 

Zeiss Axioscope 2 microscope with differential interference contrast (DIC), equipped with a camera 
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lucida and a Sony MPEG Movie EX DSC-S75 digital camera. All measurements are given in millimeters; 

range values are followed by means. The terminology related to parasite ecology is according to Bush, 

Lafferty, Lotz, and Shostak (1997). Specimens studied were deposited in the Coleção Helmintológica do 

Instituto Oswaldo Cruz (CHIOC) in Brazil. 

 

Figure 1. Middle Tocantins River showing the collection points, Maranhão, Brazil. In the municipality of Estreito, 

collection took place upstream of the Hydroelectric Plant; and in the city of Imperatriz, collection occurred in the 

village of Embiral, Maranhão. 

Results 

Eleven specimens of H. marginatus were examined, and a total of 1606 specimens of Hysterothylacium 

sp. and 21 specimens of Anisakis sp., all third-stage larvae, were recovered. Considering that H. 

marginatus represents a new host record for these species, the main measurements are given herein. 

Raphidascarididae Hartwich, 1954 

Subfamily Raphidascaridinae Hartwich, 1954 

Hysterothylacium Ward & Margath, 1917 

Hysterothylacium sp. third-stage larvae (Figure 2) 

CHIOC number: 38996, 38997, 38999 

Site of infection: Mesentery, lumen of intestine, lumen of stomach and liver. 

Infection parameters: All 11 fish examined were parasitized with 4-321 nematodes, with a total of 1606 

worms collected. 

Description (based on 20 specimens): Cuticle smooth. Body 1.81-2.77 (2.17) long, 0.07- 0.10 (0.08) 

wide. Anterior end with ventral cephalic tooth. Nerve ring and excretory pore 0.100 -0.125 (0.108) and 

0.090-0.172 (0.121) from anterior extremity, respectively. Oesophagus muscular and narrow, 0.125-0.237 

(0.205) long, followed by ventriculus 0.012-0.017 (0.016) long and 0.015-0.030 (0.024) wide. Intestinal 

caecum short, 0.012-0.025 (0.020) long, slightly exceeding ventriculus anteriorly. Ventricular appendix 

0.685-1.062 (0.847) long. Tail conical, with rounded tip without mucron. Anus 0.037-0.075 (0.050) to 

posterior region. 
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Figure 2. Hysterothylacium sp. third-stage larva. (A) Anterior region, general view. (va = ventricular appendix). Bar: 0.20 mm. (B) Detail 

of anterior region showing oesophagus (oe), cephalic tooth (thin arrow), excretory pore (arrowhead), ventriculus (asterisk), intestinal 

cecum (ic), ventricular appendix (va). Bar: 0.06 mm. (C) Detail of posterior region of ventricular appendix (va). Bar: 0.07 mm. (D) Detail 

of posterior region showing the anus (an). Bar: 0.05 mm. 

Anisakidae Skrjabin & Karokhin, 1945 

Subfamily Anisakinae Chabaud, 1965 

Anisakis Dujardin, 1845 

Anisakis sp. third-stage larvae (Figure 3) 

CHIOC number: 38995, 38998 

Site of infection: Mesentery and liver. 

Infection parameters: Six out of 11 fish examined were parasitized with 1-7 nematodes, with a total of 21 

worms collected. 

Description (based on 3 specimens): Third-stage larvae encapsulated.  Body length 9.32-13.87 (11.25), 

maximum body width 0.27-0.32 (0.30). Anterior end with a dorsal lip and two ventrolateral lips poorly 

developed; cephalic tooth present. Excretory pore opening on lip base, just posterior to cephalic tooth; 

Muscular oesophagus 0.74-1.10 (0.92) in length, ending in glandular ventriculus. Ventriculus 0.33-0.42 (0.37) 

long and 0.13-0.16 (0.15) wide. No caeca or diverticula present. Nerve ring 0.10-0.25 (0.17) from anterior end. 

Rectum short and oblique to anus. Tail conical with single terminal mucron. Anus 0.10-0.75 (0.41) from 

posterior end. 

 

Figure 3. Anisakis sp. third-stage larva, encapsulated. (A) Anterior region, showing the oesophagus (oe) and the ventriculus (asterisk). 

Bar: 0.5 mm (B) Detail of anterior region showing the cephalic tooth (thin arrow). Bar: 0.1 mm. (C) Detail of ventriculus (asterisk). Bar: 

0.3 mm. (D) Detail of posterior region showing the anus (an). Bar: 0.3 mm. 
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Discussion 

According to Luque, Pereira, Alves, Oliva, & Timi (2017), South American fish parasites are insufficiently 

researched, and their study is important to understand their roles in ecosystems, and impact on pisciculture 

and fish-borne parasitic zoonoses, in addition to providing tools for conservation of biodiversity.  

The superfamily Ascaridoidea Baird, 1853 includes two important families, Anisakidae and 

Raphidascarididae, which are composed of nematodes that complete their life cycles using intermediate or 

paratenic hosts in the aquatic environment (Anderson, 1992; Alves et al., 2020). Although some authors 

consider that the genus Hysterothylacium is included in the family Anisakidae Skrjabin & Karokhin, 1945, we 

agree with Li et al. (2018), who transferred this genus to the family Raphidascarididae Hartwich, 1954. 

The presence of Anisakidae third-stage larvae in fishes may result in economic losses to the fishing 

industry due to reduced marketability of fishery products. Larvae of the genera Anisakis Dujardin, 1845, 

Pseudoterranova Krabbe, 1878, and Contracaecum Railliet and Henry, 1913 are mainly responsible for a fish-

borne zoonosis known as anisakidosis and allergic reactions. Ingestion of raw, partially cooked, salted, 

marinated, or smoked fish or cephalopods infected with these larvae can provoke symptoms with a 

gastrointestinal or allergic nature, ranging from mild to severe clinical manifestations (Buchmann & 

Mehrdana, 2016; Mattiucci, Cipriani, Paoletti, Levsen, & Nascetti, 2017; Bao et al., 2019). 

Although members of the genus Hysterothylacium are considered nonpathogenic for humans, some of 

these species have been associated with allergic symptomatology (Fernández-Caldas et al., 1998; Valero, 

Terrados, Díaz, Reguera, & Lozano, 2003), and there is a report of a case of human infection with a female 

Hysterothylacium aduncum in Japan (Yagi et al., 1996).  Besides this, experimental fish infection with 

Hysterothylacium indicates that they can affect the host growth rate and health, with economic impacts 

(Balbuena, Karlsbakk, Kvenseth, Saksvik, & Nylund 2000; Karlsbakk, Otterlei, Høie, & Nylund, 2001). 

According to Rodrigues et al. (2015), massive infections with nematode larvae can increase the risk of parasite 

migration to the muscles or to the abdominal cavity, facilitating human exposure to larvae.  

In freshwater fishes from Brazil, Hysterothylacium sp. larvae have been reported in Rhaphiodon vulpinus 

Agassiz, 1829, Salminus maxillosus Valenciennes, 1850, Galeocharax knerii (Steindachner, 1879), 

Hypophthalmus edentatus Spix & Agassiz, 1829, Loricariichthys sp., Plagioscion squamosissimus (Heckel, 1840), 

and Crenicichla lepidota Heckel, 1840 from the Paraná River, State of Paraná (Moravec, Kohn, & Fernandes, 

1993), in Gymnotus carapo Linnaeus, 1758 and Leporinus friderici (Bloch, 1794) from the upper Paraná River 

floodplain (Takemoto et al., 2009), in Brachyplatystoma filamentosum (Castelnau, 1855), Brachyplatystoma 

rousseauxii (Castelnau, 1855), and Oxydoras niger (Valenciennes, 1821) from Colares and Vigia Island, State of 

Pará (Rodrigues et al., 2015), in Arapaima gigas (Schinz, 1822) from fish farms from the State of Amazon 

(Andrade-Porto et al., 2015; Azevedo, Morey, & Malta, 2017), in Hyphessobrycon eques (Steindachner, 1882) 

from the Paranapanema River, State of São Paulo (Acosta & Silva, 2015), and in Hoplias malabaricus (Bloch, 

1794) from the Jacaré-Pepira River and Jacaré-Guaçú River, State of São Paulo (Leite, Pedreira-Filho, Azevedo, 

& Abdallah, 2020). According to Moravec et al. (1993) these genera might be carried from marine to freshwater 

environments by some migratory fishes. In the present study, Hysterothylacium sp. third-stage larvae were 

found in all specimens of fish studied. No adult specimens were found in the studied fishes, showing that H. 

marginatus represents an intermediate or paratenic host for Hysterothylacium sp. 

Among freshwater fishes from Brazil, Anisakis sp. larvae have been reported in B. filamentosum, O. niger, 

and P. squamosissimus from Colares and Vigia Island, State of Pará (Rodrigues et al., 2015), in P. 

squamosissimus from Marajó Bay, and the Tapajó River and Amazon River, State of Pará (Fontenelle et al. 

2016; Souza, Eiras, Adriano, & Corrêa, 2020), in Triportheus angulatus (Spix & Agassiz, 1829) from Catalão 

Lake and the Solimões River, State of Amazon (Moreira, Oliveira, Morey, & Malta, 2017), and from 

Serrasalmus altispinis Merckx, Jégu and Santos, 2000 and Pygocentrus nattereri Kner, 1858 from the Solimões 

River, State of Amazon (Morey & Malta, 2018; Morais, Cárdenas, & Malta, 2019). 

In the Tocantins River, despite its great ichthyological diversity, there are few records of Anisakidae larvae. 

Eiras, Pavanelli, Takemoto, and Nawa (2018) reported fish-borne nematode infections in humans in South 

America, with the majority of cases coming from marine fishes. Contracaecum sp. were recorded in Cichla piquiti 

Kullander and Ferreira, 2006 (Lacerda, Takemoto, Poulin, & Pavanelli, 2013) and in Cichla kelberi Kullander and 

Ferreira, 2006 and C. piquiti both from the Tocantins River (Yamada & Takemoto, 2013). Amato-Neto, Amato, and 
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Amato (2007) recorded a possible case of anisakiasis acquired by a group of fishermen who were traveling to 

Bananal Island, Tocantins, and ate raw fish. However, according to Eiras, Pavanelli, Yamaguchi, Takemoto, and 

Karling, (2015), this represents a case of gnathostomiasis and not anisakiasis. 

In the current study, larvae of Anisakis sp. and Hysterothylacium sp. are reported for the first time in H. 

marginatus, representing a new host and geographical records. According to Eiras et al. (2018), the number of cases 

of infections in humans is underestimated and the population needs to be informed about the risk of certain eating 

habits, as well as which public health agencies should be more attentive to the creation of protocols that lead to 

correct diagnosis of parasitic diseases transmitted through the consumption of raw or improperly cooked fish.  

Conclusion 

The new host and geographic records for Ascaridoidea larvae presented in this study reinforce the 

importance of expanding the knowledge on the presence of third stage larvae of the family Anisakidae and 

Raphidascarididae in fish from the Tocantins River, given that the taxonomy of helminths of fishes from the 

Neotropical Region are the basis for understanding the biology and trophic relationships of these parasites. 

Acknowledgements 

We thank the students of the Programa Institucional de Bolsas de Iniciação Científica (PIBIC) Giselle Aline 

O. P. Nascimento and Yuri C. Meneses for assistance during the collection of helminths. 

References 

Acosta, A. A., & Silva, R. J. (2015). First record of Hysterothylacium sp. Moravec, Kohn et Fernandes, 1993 

larvae (Nematoda: Anisakidae) infecting the ornamental fish Hyphessobrycon eques Steindachner, 1882 

(Characiformes, Characidae). Brazilian Journal of Biology, 75(3), 638-642. 

DOI: http://dx.doi.org/10.1590/1519-6984.19913 

Alves, A. M., Souza, G. T. R., Takemoto, R. M., Melo, C. M., Madi, R. R., & Jeraldo, V. L. S. (2020). Anisakidae 

Skrjabin & Karokhin, 1945 and Raphidascarididae Hartwich, 1954 nematodes in Lutjanidae (Pisces: 

Perciformes) from the Brazilian Northeast Coast. Brazilian Journal of Biology, 80 (2), 255-265. 

DOI: http://dx.doi.org/10.1590/1519-6984.190350 

Amato-Neto, V., Amato, J. G. D. P., & Amato, V. S. (2007). Probable recognition of human anisakiasis in Brazil. 

Revista do Instituto de Medicina Tropical de São Paulo 49(4), 261-262. DOI: http://dx.doi.org/10.1590/S0036-

46652007000400013 

Agência Nacional de Águas [Ana]. (2019). Rio Tocantins, 2019. Retrieved from https://www.ana.gov.br/sala–

de–situacao/tocantins/saiba–mais–tocantins 

Anderson, R. C. (1992). The Superfamily Ascaridoidea. In R. C. Anderson (Ed.), Nematodes parasites of 

vertebrates: their development and transmission (p. 253-256). New York, NY: CAB International,  

Andrade-Porto, S. M., Cárdenas, M. Q., Martins, M. L., Oliveira, J. K. Q., Pereira, J. N., Araújo, C. S. O., & 

Malta, J. C. (2015). First record of larvae of Hysterothylacium (Nematoda: Anisakidae) with zoonotic 

potential in the pirarucu Arapaima gigas (Osteichthyes: Arapaimidae) from South America. Brazilian 

Journal of Biology, 75(4), 790-795. DOI: http://dx.doi.org/10.1590/1519-6984.22213 

Azevedo, P. B., Morey, G. A. M., & Malta, J. C. O. (2017). Mortalidade de juvenis de Arapaima gigas (Pisces: 

Arapaimidae) de piscicultura do norte do Brasil, causadas por Hysterothylacium sp. e Goezia spinulosa 

(Nematoda: Anisakidae). Biota Amazonia, 7(1), 103-107. DOI: http://dx.doi.org/10.18561/2179-

5746/biotaamazonia.v7n1p103-107 

Balbuena, J. A., Karlsbakk, E., Kvenseth, A. M., Saksvik, M., & Nylund, A. (2000). Growth and emigration of third-

stage larvae of Hysterothylacium aduncum (Nematoda: Anisakidae) in larval herring Clupea harengus. Journal of 

Parasitology, 86(6), 1271-1275. DOI: http://dx.doi.org/10.1645/0022-3395 (2000)086[1271: GAEOTS] 2.0.CO; 2 

Bao, M., Pierce, G. J., Strachan, N. J., Pascual, S., González-Muñoz, M., & Levsen, A. (2019). Human 

health, legislative and socioeconomic issues caused by the fish-borne zoonotic parasite Anisakis: 

Challenges in risk assessment. Trends in Food Science & Technology, 86(1), 298-310. 

DOI: http://dx.doi.org/10.1016/j.tifs.2019.02.013 



Page 6 of 7 Cárdenas et al. 

Acta Scientiarum. Biological Sciences, v. 43, e58014, 2021 

Buchmann, K., & Mehrdana, F. (2016). Effects of anisakid nematodes Anisakis simplex (sl), Pseudoterranova 

decipiens (sl) and Contracaecum osculatum (sl) on fish and consumer health. Food and Waterborne 

Parasitology, 4(1), 13-22. DOI: http://dx.doi.org/10.1016/j.fawpar.2016.07.003 

Bush, A. O., Lafferty, K. D., Lotz, J. M., & Shostak, A. W. (1997). Parasitology meets ecology on its own terms: 

margolis et al revisited. Journal of Parasitology, 83(4): 575-583. DOI: http://dx.doi.org/10.2307/3284227 

Costa, T. V., Oshiro, L. M. Y., & Silva, E. C. S. (2010). The potential of the mapará Hypophthalmus spp. 

(Osteichthyes, Siluriformes) as alternative species for fish culture in Amazon. Boletim do Instituto de 

Pesca, 36(3), 165-174.  

Cutrim, L., & Batista, V. D. S. (2005). Determinação de idade e crescimento do mapará (Hypophthalmus 

marginatus) na Amazônia Central. Acta Amazonica, 35(1), 85-92. DOI: http://dx.doi.org/10.1590/S0044-

59672005000100013 

Eiras, J. C., Pavanelli, G. C., Yamaguchi, M. U., Takemoto, R. M. & Karling, L. C. (2015). Probable 

recognition of human anisakiasis in Brazil? Revista do Instituto de Medicina Tropical de São 

Paulo, 57 (4), 358. DOI: http://dx.doi.org/10.1590/S0036-46652015000400015 

Eiras, J. C., Pavanelli, G. C., Takemoto R. M., & Nawa, Y. (2018). Fish-borne nematodiases in South America: 

neglected emerging diseases. Journal of Helminthology, 92(6), 649-654. 

DOI: http://dx.doi.org/10.1017/S0022149X17001006 

Eiras, J. C., Takemoto, R. M., Pavanelli, G. C., & Adriano, E. A. (2011). About the biodiversity of parasites of 

freshwater fish from Brazil. Bulletin of the European Association of Fish Patholologists, 31(4), 161-168. 

Fernández-Caldas, E., Quirce, S., Marañó, F., Gómez, M. L. D., Botella, H. G., & Román, R. L. (1998). 

Allergenic cross-reactivity between third stage larvae of Hysterothylacium aduncum and Anisakis 

simplex. Journal of Allergy and Clinical Immunology, 101(4), 554-555. 

DOI: http://dx.doi.org/10.1016/S0091-6749(98)70364-1 

Fontenelle, G., Knoff, M., Felizardo, N. N., Torres, E. J. L., Matos, E. R., Gomes, D. C., & São Clemente, S. C. D. 

(2016). Anisakid larva parasitizing Plagioscion squamosissimus in Marajó Bay and Tapajós River, state of Pará, 

Brazil. Revista Brasileira de Parasitologia Veterinária, 25(4), 492-496. DOI: http://dx.doi.org/10.1590/s1984-

29612016034  

Karlsbakk, E., Otterlei, E., Høie, H., & Nylund, A. (2001). Parasites of cultured cod (Gadus morhua) 

postlarvae fed natural zooplankton. Bulletin of the European Association of Fish Pathologists, 21(2), 63-70. 

Lacerda, A. C. F., Takemoto, R. M., Poulin, R., & Pavanelli, G. C. (2013). Parasites of the fish Cichla piquiti 

(Cichlidae) in native and invaded Brazilian basins: release not from the enemy, but from its effects. 

Parasitology Research, 112 (1), 279-288. DOI: http://dx.doi.org/10.1007/s00436-012-3135-z 

Leite, L. A. R., Pedreira-Filho, W. D. R., Azevedo, R. K., & Abdallah, E. V. D. (2021). Patterns of distribution 

and accumulation of trace metals in Hysterothylacium sp. (Nematoda), Phyllodistomum sp. (Digenea) and 

in its fish host Hoplias malabaricus, from two neotropical rivers in southeastern Brazil, Environmental 

Pollution, 277(1), e20170422. DOI: http://dx.doi.org/10.1016/j.envpol.2020.116052  

Li, L., Lü, L., Nadler, S. A., Gibson, D. I., Zhang, L. P., Chen, H. X., … Guo, Y. N. (2018). Molecular phylogeny 

and dating reveal a terrestrial origin in the early carboniferous for ascaridoid nematodes. Systematic 

Biology, 67(5), 888-900. DOI: http://dx.doi.org/10.1093/sysbio/syy018 

Luque, J. L., Pereira, F. B., Alves, P. V., Oliva, M. E., & Timi, J. T. (2017). Helminth parasites of South 

American fishes: current status and characterization as a model for studies of biodiversity. Journal of 

Helminthology, 91(2), 150-164. DOI: http://dx.doi.org/10.1017/S0022149X16000717 

Mattiucci, S., Cipriani, P., Paoletti, M., Levsen, A., & Nascetti, G. (2017). Reviewing biodiversity and 

epidemiological aspects of anisakid nematodes from the North-east Atlantic Ocean. Journal of 

Helminthology, 91(4), 422-439. DOI: http://dx.doi.org/10.1017/S0022149X1700027X 

Morais, A. M., Cárdenas, M. Q., & Malta, J.C.O. (2019). Nematofauna of red piranha Pygocentrus nattereri 

(Kner, 1958) (Characiformes: Serrasalmidae) from Amazonia, Brazil. Revista Brasileira de Parasitologia 

Veterinária, 28(3), 458-464. DOI: http://dx.doi.org/10.1590/s1984-29612019055. 

Moravec, F., Kohn, A., & Fernandes, B. M. (1993). Nematode parasites of fishes of the Paraná River, Brazil. 

Part 2. Seuratoidea, Ascaridoidea, Habronematoidea and Acuarioidea. Folia Parasitologica, 40, 115-134. 

https://doi.org/10.2307/3284227


Nematoda parasitizing Hypophthalmus marginatus Page 7 of 7 

Acta Scientiarum. Biological Sciences, v. 43, e58014, 2021 

Moreira, A. D. C., Oliveira, T. T. D. S., Morey, G. A. M., & Malta, J. C. O. (2017). Metazoários parasitas de 

Tripotheus angulatus (Spix & Agassiz, 1829) do lago Catalão, rio Solimões, Amazonas, Brasil. Folia 

Amazónica, 26(1), 9-16. DOI: http://dx.doi.org/10.24841/fa.v26i1.415 

Morey, G. A. M., & Malta J. C. O. (2018). Metazoan parasites of Serrasalmus altispinis (Serrasalmidae) from 

floodplain lakes of the Brazilian Amazon. Neotropical Helminthology, 12(2), 141-146. 

Rodrigues, M. V., Pantoja, J. C. F., Guimarães, C. D. O., Benigno, R. N. M., Palha, M. D. D. C., & Biondi, G. F. 

(2015). Prevalence for nematodes of hygiene-sanitary importance in fish from Colares Island and Vigia, Pará, 

Brasil. Revista Brasileira de Ciência Veterinária, 22(2), 124-128. DOI: http://dx.doi.org/10.4322/rbcv.2015.364 

Souza, D. C., Eiras, J. C., Adriano, E. A., & Corrêa, L. L. (2020). Metazoan parasites of Plagioscion 

squamosissimus (Osteichthyes: Sciaenidae) of two rivers from the eastern Amazon (Brazil). Annals of 

Parasitology, 66(2), 217-225. DOI: http://dx.doi.org/10.17420/ap6602.257 

Souza, A. F. L., & Inhamuns, A. J. (2011). Análise de rendimento cárneo das principais espécies de peixes 

comercializadas no Estado do Amazonas, Brasil. Acta Amazonia, 41(2), 289-296. 

DOI: http://dx.doi.org/10.1590/S0044-59672011000200015   

Takemoto, R. M., Pavanelli, G. C., Lizama, M. D. L. A., Lacerda, A. C. F., Yamada, F. H., Moreira, L. H. A., ... 

Bellay, S. (2009). Diversity of parasites of fish from the Upper Paraná River floodplain, Brazil. Brazilian 

Journal of Biology, 69(2), 691-705. DOI: http://dx.doi.org/10.1590/s1519-69842009000300023. 

Valero, A., Terrados, S., Díaz, V., Reguera, V., & Lozano, J. (2003). Determination of IgE in the serum of 

patients with allergic reactions to four species of fish-parasite anisakids. Journal of Investigational 

Allergology & Clinical Immunology, 13(2), 94-98. 

Velasco, M., Videira, M., Sindeaux-Neto, J. L., Santos, P. D., Sanches, O., Matos, P., & Matos, E. (2015). 

Infection by Henneguya sp. (Myxozoa) in the bone tissue of the gill filaments of the Amazonian catfish 

Hypophthalmus marginatus (Siluriformes). Revista Brasileira de Parasitologia Veterinária, 24(3), 365-369. 

DOI: http://dx.doi.org/10.1590/S1984-29612015021. 

Yagi, K., Nagasawa, K., Ishikura, H., Nakagawa, A., Sato, N., Kikuchi, K., & Ishikura, H. (1996). Female worm 

Hysterothylacium aduncum excreted from human: a case report. Japanese Journal of Parasitology, 45(1): 12-23. 

Yamada, F. H., & Takemoto, R. M. (2013). Metazoan parasite fauna of two peacock–bass cichlid fish in 

Brazil. Check List, 9(6), 1371-1377. DOI: http://dx.doi.org/10.15560/9.6.1371 

 

 


